Contrast-enhanced MicroCT imaging of vascular and cartilaginous tissues  by Guldberg, Robert
206 AbstractsIn computed tomography (CT) systems, many different artifacts may be
present in the reconstructed image. For our laboratory prototype CT system,
a fan-beam/cone-beam focal high-resolution peripheral quantitative
computed tomography (fHRpQCT) scanner, careful calibration of all geo-
metric system parameters are of utmost importance. However, patient-
based motion, leading to image artifacts, is hard to avoid.
An algorithm for correction of translational motion was developed and
implemented. In this method, the integral mass and center of mass at each
projection angle was seen to follow a sinusoidal or sinusoidal-like curve. Fits
were used on the motion-encoded sinograms to determine both of these
curves and, consequently, the amount and direction of motion that
occurred. Each projection was individually adjusted to compensate for
this motion by widening or narrowing the projection based on the ratio of
the actual and calculated ideal projection integrals and shifting the
projection to match the actual centroid to the calculated ideal location.
A custom imaging phantom with an outer diameter of approximately 16 mm
was used to test the motion-correction algorithm in both simulated and
experimental cases. A baseline of the error measured, taken as a fraction,
was established as 0.16 for motion-free images measured on the scanner.
Various motion patterns were tested (Fig. 1). These included the distance of
motion, the angle at which the motion occurred, and the ratio of the
sinograms that was corrupted by motion. Experimental testing showed a
maximum error increase of 2.7% from the baseline error for the motion-
corrected images (Fig. 2) at 4 mm motion.
The overall optimization provided acceptable results for the reconstructed
image and good-quality projections for use in the motion-correction
algorithm. The motion-correction algorithm implemented in this project
helps minimize the amount of error due to translational motion and provides
a foundation for future corrections of more complex motions.
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CONTRAST-ENHANCED MICROCT IMAGING OF VASCULAR AND
CARTILAGINOUS TISSUES
Robert Guldberg
Georgia Institute of Technology, USAAdvanced imaging methods play an increasingly important role in rigorous
preclinical studies of tissue structure/function changes associated with
degenerative diseases and regenerative medicine therapeutic strategies.
Microcomputed tomography (micro-CT) imaging offers excellent resolu-
tion for quantifying 3D tissue morphology and composition but has
typically been restricted to analysis of x-ray attenuating materials or
tissues such as bone. Micro-CT analysis has therefore primarily been
applied as a valuable evaluation tool for osteoporosis and bone repair
studies. Unfortunately, soft tissues such as blood vessels and cartilage
alone are not sufficiently radiodense relative to surrounding tissues to
allow micro-CT analysis. However, vascular ingrowth into scaffolds or
regions of tissue injury may be imaged nondestructively following
perfusion of a radiodense contrast agent. Subsequent morphological
analysis can provide quantification of 3D vascular volume, vessel thick-
ness and density, and vascular network connectivity. Micro-CT imaging in
combination with an appropriate contrast agent thus overcomes some of
the shortcomings of other vascular assessment techniques by providing
high resolution, efficient, volumetric, and quantitative analysis. Contrast-
enhanced micro-CT imaging of cartilaginous tissues has also been recently
established as a method to assess cartilage regeneration following injury
or prevention of degeneration during osteoarthritis. In addition to
providing quantitative analysis of articular cartilage morphology, the
spatial equilibration of ionic contrast agents provides a nondestructive
indicator of proteoglycan content within the cartilage. Furthermore,
standard micro-CT analysis can be used to quantify changes in subchon-
dral bone thickness and osteophyte development. Contrast-enhanced
micro-CT imaging is therefore a highly sensitive and versatile tool for
quantifying the effects of potential disease modifying therapies on
multiple aspects of degenerative joint diseases.
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ASSESSMENT OF ABDOMINAL FAT BY QCT
Xiao-guang Cheng, Li Wang, Kai Li, Na Li, Yinmin Ma, Yongbin Su, Li Xu
Department of Radiology, Beijing Jishuitan Hospital, Peking University,
China
The relationship between adipose tissue and bone mineral density (BMD) is
still being debated. The purpose of our study was to evaluate whether the
pattern of abdomen adipose tissue is correlated to trabecular BMD of the
lumbar spine. In this cross-sectional study, we studied 89 premenopausal and
231 postmenopausal Chinese women aged 19e86 years. Quantitative
computed tomography (QCT) was used to measure the average trabecular
BMD of L2eL4, visceral adipose tissue (VAT) and subcutaneous adipose tissue
(SAT). Height and weight were measured. In the premenopausal sample,
multiple linear regression analyses indicated that VAT was negatively
correlated to trabecular BMD (P valueZ 0.0003) and SAT had no correlation
to trabecular BMD. In contrast, there was no significant correlation between
VAT and BMD or SAT and BMD in the postmenopausal sample. Our results indi-
cate that VAT may be deleterious to trabecular BMD and SAT has no correla-
tion with BMD in the premenopausal Chinese women, and there is no
correlation between abdominal adipose tissue and trabecular BMD in the
postmenopausal Chinese women.
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MUSCLE ANALYSIS USING HR-PQCT, DXA AND MRI
Marta Erlandson
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Sarcopenia is the age-related loss of muscle mass, strength and function.
Sarcopenia and osteoporosis may commonly co-exist in older adults.
Currently, there is no standardized measure of age-related muscle loss
over time. Physical performance measures and measures of muscle
strength and function are limited by day to day variability, joint pain,
poor sleep, depressed mood, and effort. Muscle biopsy is an objective
measure of muscle properties, but is an invasive and painful procedure.
Musculoskeletal imaging has the potential to advance our ability to
objectively and non-invasively study changes in muscle with aging, aswell as the response of the muscular system to targeted intervention.
Here we will explore using DXA, pQCT, HRpQCT and MRI as tools for
objective assessments of muscle mass, and will correlate these parame-
ters to muscle strength and function. We will discuss technical challenges
and the need for further research.
MRI FOR MARROW FAT ASSESSMENT IN BONE METABOLIC DISORDERS
James F. Griffith
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The confined space of the medullary cavity of bone is filled with trabecular
bone (<20%) and bone marrow (>80%). Bone marrow is comprised of fatty
marrow and functioning (red) marrow (comprising red blood cells, platelets,
lymphocytes, plasma cells and their pre-cursors). An increase in one
component of the medullary canal can only occur at the expense of
another component. Lifelong changes which occur in the volume of
trabecular bone are relatively small compared to those which occur in
fatty or red marrow. Marrow fat content increases throughout life from
about 20% marrow fat content at 20 years of age to about 60% marrow fat
content at 60 years of age. This fat content can be accurately quantified
with MR spectroscopy using the fat: water ratio with high reliability. An
alternative method is in-phase:out-phase imaging (Dixon technique) though
this does not provide spectroscopic detail. In men, marrow fat content is
generally about 10% higher than in females, though around the time of the
menopause there is a dramatic increase in marrow fat content in females
such that after this time, marrow fat content is about 10% higher in
females. Marrow fat content increases but what about marrow fat
composition e does that change with increasing age or change in BMD.
Marrow fat contains both saturated and unsaturated fat and at least 22
different fatty acids. Current clinical MR spectroscopy has the ability to
measure the unsaturated and saturated components of marrow fat with the
potential for providing near-complete non-invasive spectroscopic detail.
Some studies suggest that there is a change in fat composition with
osteoporosis, a highly relevant finding since some fats can inhibit bone
metabolism in vivo. Studies have begun to look at marrow fat and its
